The Evolution of Gridded NUCAPS: Transition of Research to Operations
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Introduction Background

* The next-generation S-NPP and NOAA-20 Cross-track Infrared Sounder (CrlS) G « A NUCAPS Sounding is retrieved from an integrated top-of atmosphere (TOA) IR+MW spectrum as a set of NUCAPS Strengths

temperature and moisture profiles can provide valuable observations W | Nucars discrete parameters that are thermodynamically consistent * There are thousands of satellite soundings day and night to measure many types of evolving weather

* Where conventional radiosonde observations are sparse W ffc‘i,'l,-éﬁi’,-n Steps to create a PR— . * NUCAPS soundings observe mid-level moisture, thermodynamic structure, tropopause height, spatial

‘ Bet]:/veen r(ad;oskc))nde launches i - - A AW NUCAPS Sounding | e gradients, derived stability indices, height of freezing layers, fire weather indices, all to improve meso- and
* CrIS Infrared (IR) observations are combined with the Advanced Technology PN S i 2805 synoptic scale situational awareness and forecasting

Microwave Sounder (ATMS) Microwave (MW) observations to produce high %ﬁ}ﬁim ~Fe 'ﬁduf- se0f « A NUCAPS sounding has information not only on temperature and moisture but also on trace gas amounts

qguality vertical soundings in clear and partly cloudy conditions full IR measurement (all g il 'J_ 2405 (CO, 03, CH4), cloud top pressure, and various diagnostic indices all in one.
* NUCAPS (NOAA Unique Combined Atmospheric Processing System) is the RS S ol | ok « NUCAPS soundings are available in clear and partly-cloud scenes (up to 90% cloudiness).

operational algorithm for processing combined hyperspectral IR sounder and MW L I 200kss  200F : NUCAPS Limitations

sounder measurements - : : - ' Soundin ey Ghr B * Asatop-down measurement from space, NUCAPS has its highest uncertainty in the boundary layer
* NUCAPS Sc.).undmg.s are-operatlonal.ly avallal?le n AWIPS as S!<ew-T plots inAwrps ~ e Er———ry "ot for surtce temperature. e NUCAPS observes the atmosphere as thick vertical layers to form a broad columnar measurement in
e The Fapablllty to V|5}Jallze the data in pI.an view or cross section would be valuable to Eye r:igSLTI%?R S W AE;I:{E"*‘F““?: contrast to point-based radiosonde measurements

maX|m!ze the .ben.eflts of NUCAPS data in AWIPS | | | o radiance fha;enqedse.n'l;?gfri;\;/rci)(la\\/;sl 1o o Channels chosen are predominantly sensitive to one gas only e NUCAPS footprint size varies from ~50 km at nadir to ~150 km at edge of scan
*  Amulti-organizational collaboration through the JPSS Sounding Applications Initiative D 03, CHa, 03, C02, HNO3, 502. Produce final IR+MW NUCAPS soundings * NUCAPS soundings fail when the measurement footprint is covered by a uniform cloud field

developed an experimental capability for plan view and cross section displays of NUCAPS EEE===satras Error checking, diagnostic at 100 layers

MW-only NUCAPS soundings available Clouds
operationally but not in AWIPS yet o

tests, iteration to retrieve most

Soundings observations in AWIPS (i.e., Gridded NUCAPS) stable atmospheric state
e Gridded NUCAPS is newly available in AWIPS 19.2.1-29

obstacle. Soundings measure the

* NUCAPS retrieves temperature and moisture information as thick layers stacked together to form a vertical )
thermodynamic state around the

| SN - Gridded NUCAPS: atmospheric column from surface to TOA : Radioson o clouds.
:gec:\ foscslitnodr:';ih f '”g(fSted d'”to AVIV'Pls on a_(‘j’”'form * How are the layers vertically distributed? - A NUCAPS sounding in partly
L , Transformation (i.e. gridding) of point sfl O.'S. ceree .at/ on gri it varies slichtlv from scene to scene and is
p0|tpt Itp ;eVIeV\;the soundings to plan view & cross section displays . Mmlmall horizontal | d . gntly ) ) | . : 5 ) | R cIoudy scene removes cloudy
vertical information : ; interpolation, vertica ependent on Earth surface temperature as well B S N— | ignal (cloud clearing) bef
* Pros: Can choose interpolation to standard levels - signal (cloud clearing) before
specific locations « Temperature, moisture, and as local weather COT‘IdItIOhS . . retrieving atmospheric state.
* Cons: Alot of derived fields such as  So what does this mean in operations? + Cloud clearing allows retrievals in
;dei\r/zuz/tion Frsupltat;le Wate?- F:jmes .. compared to radiosondes, NUCAPS has a partly-cloudy scenes so that
’ Gpagea EALS i vl smoother appearance :
Wopiatad il b 700-500 mb Lapse Rate * Candisplay single level or layer PP there can be more soundlng
- o o . T products ... compared to GOES soundings, NUCAPS has high : :
More Information: https://vlab.ncep.noaa.gov/web/nasa-sport/gridded-nucaps P 85 5 observations of evolving weather

vertical definition

Cold Air Aloft Pre-Convective Environment

* Gridded NUCAPS was initially developed to address Cold Air Aloft (CAA) 2017 Pl ched arers an asarior o sire " ° Gridded NUCAPS was first demonstrated at the Hazardous

* Cold Air Aloft (< -65°C) events can freeze jet fuel and regularly occur at flight | Weather Testbed in 2016, while point Soundings were first
levels in the Arctic demonstrated in 2015

e The Anchorage Center Weather Service Unit (CWSU) provides Meteorological * The goal was to test the utility of Gridded NUCAPS for analyzing

Impact Statements (MIS) to Air Traffic Controllers to direct flights around the the pre-convective environment
3D air features * The advantages of the Soundings are:

systems.

* Analyzing thermodynamic conditions are important for assessing the
pre-fire environment and fire potential

* Low-level thermal ridges (LLTR’s) have been documented as an
important influence on wildfire development in the southern Great
Plains (Lindley et al. 2017)

* Lindley et al. 2017 studied 11 Great Plains fire events from 2006 —
2014, resulting in representative soundings / thermodynamic fields
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* In data sparse Alaska, forecasters have relied on analysis of model fields and A e el * Observations between radiosonde launches

.

850-500 mb Lapse Rates & KCCX Radar 18 UTC 23 May 2019.... indicating fire potential

9

‘_\

A dense network of observations over a 2,200 km swath

limited radiosonde observations to guess the 3D extent of the Cold Air Aloft
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* Use of satellite observations provides an opportunity for forecasters to ol toxt roduct dssemmated by Alacka CHSU for Cold Al Ao * Testing at HWT solidified the value of Gridded NUCAPS: * In contrast, Alaska Region forecasters assess fire potential by
observe the 3D extent of the Cold Air Aloft in real-time SR — * To assess thermodynamic spatial gradients/patterns analyzing thermodynamic fields for warm, dry conditions and
* Forecasters at the Anchorage CWSU evaluated the Gridded NUCAPS during Zzzgggﬁﬁ%ﬁli?Eggi’égggogm--/chfr%?i”riﬁiﬂif”ﬁi’del * As another observation tool to increase situational awareness descending motion :
the 2016-2017 & 2017-2018 Winter Egg%zzgg EECLEZEEFD%R/?L?;%?SNiﬁg?ﬁ%é?@ crs. * Forecaster feedback led to product Improvements and best e The Haines Index is frequent|y used to determine the potentia| for :
* Goal was to provide data to improve Cold Air Aloft analysis and increase el oo Vouon cetciminee practices large fire growth (Werth and Ochoa 1993)
confidence when issuing operational MIS statements used by the FAA and G”.a dé'.eif"-’ T * View the data on standard pressure levels B STMN . Gricded NUCAPS 850 mb and 700-
airlines. NUCAPS -/ * Leverage AWIPS derived parameters e B = " 500 mb temperatures compared to

GFS, indicate a region of higher
temperatures in southern AK

* The Haines Index indicates a
moderate potential for fire growth,
matching GFS

* Lower precipitable water values

* After two evaluations forecasters have integrated NUCAPS into their forecast 1;’0’;’35%7 NG * The value of spatial gradients in mid-level fields
process for Cold Air Aloft * AWIPS procedures and recommended fields to analyze

* Best practices to address data quality and gaps

on decision to issue or not issue a forecast or in-site observations, the Gridded NUCAPS ai were present over southern Alaska
product datawere ... e Compared to the GFS analysis,

observations and
increased my confidence
in the event

f \” B U, | Gridded NUCAPS captured the
'\'rxlj;i:;;‘jrlgz;;“t;v:‘;” Al :‘ |“.<4.1‘.‘ m{ ‘r:(‘u‘ #" :} 1l L o .‘H::'l" GFSg%e: E:S?:a:x ?‘ (:@ .231 gﬁ‘; ::: ;iogz ‘g :},f;g. M M M _

| 1025 UTC 23 July S-NPP Gridded NUCAPS spatial gradients in 700-500 mb
= different than and 0.5 degree GFS Analysis 1200 UTC 23 July relative humidity.
observations, but | had
more confidence in the

M Very Large

19 UTC 07 May 2019
Weaver, G. M., and coauthors, 2019: Addressing the cold air aloft aviation challenge

with satellite sounding observations. J. Operational Meteor., 7 (10), 138-152, doi:
https://doi.org/10.15191/nwajom.2019.0710

See the HWT blog for more examples:
https://blog.nssl.noaa.gov/ewp/tag/nucaps/
Aerospace America Feature Article “Danger In the Air” https://aerospaceamerica.aiaa.org/features/danger-in-the-air/ http://goesrhwt.blogspot.com/search/label/NUCAPS

Cloud Clearing succeeds when NUCAPS footprint has cloud variability; i.e. a cluster of IR footprints over broken cloud fields
TO an IR Sou nder d ClOUd IS an ' _ NUCAPS retrieve soundings if there is an infrared radiative pathway pastclouds

The clear-sky
radiative
pathway PAST
clouds can be
determined
using a cluster
of 3x3 infrared
footprints with

fractions.

NUCAPS
soundings are
successfully
retnaved from
clear-sky or
cloud-clearad
radiance
measurements

Fire Weather
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Taixtsalda Hill near Northway, AK: July 23, 2018

The fire started on 23 July 2018 near the town of Northway, AK
The fire continued through 4 August 2018

Warm, dry conditions persisted as south/southwesterly flow
prevailed
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no observations were cross section R e 18 UTC 05 June 2019
available 10 .lan 2017 B con e =och - ] : -
1000 UTC Gridded NUCAPS 850-500 mb Lapse Rates

* Planned assessments with NWS forecasters to test the utility of NUCAPS for Fire Weather and Turbulence

* Investigation of Microwave-only soundings for applications in cloudy regions such as Icing and Winter Weather
 Determine the value of NUCAPS cloud information for applications that rely on diagnosing cloud properties

e Contact Emily Berndt (emily.b.berndt@nasa.gov) if interested in evaluating Gridded NUCAPS for new applications
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